Convection-allowing models offer forecasters unique insight into convective hazards relative 4 to numerical models using parameterized convection. However, methods to best characterize 5 the uncertainty of guidance derived from convection-allowing models are still unrefined. This 6 paper proposes a method of deriving calibrated probabilistic forecasts of rare events from 7 deterministic forecasts by fitting a parametric kernel density function to the model's histor-8 ical spatial error characteristics. This kernel density function is then applied to individual 9 forecast fields to produce probabilistic forecasts.
There are three main reasons for this deficiency. First, routine, explicit, contiguous, 29 or near-contiguous, United States (CONUS or near-CONUS) scale forecasts of RCEs have 30 1 Murphy (1991) defined a rare meteorological event as one that occur on less than 5% of forecasting occasions.
2 Rare Convective Event
In other words, if a model forecasts an event at point A, KDE can be utilized to gain insight 48 into the probability that the event might occur at a nearby point. This is achieved by 49 utilizing a statistical distribution to redistribute a total of 100% probability over multiple
50
(typically nearby) grid points. The result is a probability forecast, the character of which 51 is determined by one's choice of statistical distribution and the number of grid points over 52 which this distribution is applied. The smoothing effect is similar to that obtained with 53 angle of the x-axis (xrot).
Results
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The frequency distribution of the location of observed events relative to forecast events Gaussian function is fitted to this distribution, the resulting parameters, determined using 
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To some extent, the shape and anisotropy are closely related to the mean shape and orienta-127 tion of individual precipitation objects, as revealed by comparing the average size-weighted 128 orientation of the precipitation objects, determined by the Baldwin object identification al-
129
gorithm (Baldwin et al. 2005) , to the orientation angle of the fitted distribution (not shown).
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Using this fitted functional distribution, probabilistic forecasts for each 6-hr time period (Fig. 3e) . To illustrate the displacement between forecasts and observations, the center of the fitted two-dimensional, anisotropic Gaussian is denoted by the black dot. Fig. 3 . Example forecasts and observations from two separate days and differing forecast lengths. The column on the left depicts forecasts and observations for the 6-hrs ending 02 May 2010 at 18 UTC (12-18 hr forecast) whereas the column on the right depicts forecasts and observations for the 6-hrs ending 27 September 2010 at 00 UTC (18-24 hr forecast). Panels (a) and (b) denote the Stage IV 6-hr quantitative precipitation estimates (QPE), panels (c) and (d) denote the 6-hr NSSLWRF 6-hr quantitative precipitation forecasts (QPF), and panels (e) and (f) depict the Stage IV QPE greater than 25.4 mm contoured on top of the NSSLWRF probability of exceeding 25.4 mm in 6-hrs. The minimum shaded probability is 0.001 (0.1%). On the ROC curve, the area under curve (AU C = 0.94) and line of no skill (diagonal; dashed) are also plotted. The reliability component of the Brier Score (REL = 1.3898 × 10 −5 ; Murphy 1973), line of perfect reliability (diagonal; dashed) and line of no skill (dot-dash line) are also plotted on the reliability diagram. The climatology line is plotted, but because it is less than 0.005 it cannot be distinguished from the x-axis. The forecast counts associated with the reliability diagram are plotted on a log-scale below the reliability diagram.
